SUMMARY The arterial pressure of rabbits with chronic one-kidney hypertension can be lowered to normotensive levels by direct immunization with preparations made from the cortex of bog kidneys. Hypertensive rabbits that are immunized with large amounts of renin may develop high plasma antirenin tilers without affecting their blood pressure. Removal of renin by chromatography on columns of immobilized antirenin yields preparations with little or no rtnin. Such preparations may be effective in lowering Mood pressure although they do not elicit the formation of plasma antirenin and the rabbits remain sensitive to challenging doses of rabbit renin. The evidence suggests that an unknown substance is responsible for the development of a cross-reacting antibody that neutralizes an unknown factor that is essential for the maintenance of an elevated Mood pressure level in rabbits with chronic one-kidney hypertension.
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A NUMBER of attempts have been made to determine whether the renin-angiotensin system is responsible for the maintenance of the elevated blood pressure in chronic one-kidney hypertension in dogs, rats, and rabbits. 113 These investigations have involved the use of anti-angiotensin antibodies, angiotensin 11 antagonists, and converting enzyme inhibitors in efforts either to prevent the elevation in blood pressure following constriction of the renal artery or to lower the blood pressure once an elevated level was established. With few exceptions'-7 8 ll these investigations have yielded negative results and on the basis of such experiments alone it is difficult to assign a significant role to the renin-angiotensin system in the one-kidney form of hypertension.
However, the work of Wakerlin and co-workers 14 " 18 and others, 17 ' 2t who utilized active or passive immunization with kidney extracts containing renin, also should be considered. Although not all investigators were able to lower the blood pressure of hypertensive animals by this means, 17 -" 24 those who have used dogs and monkeys have been uniformly successful.
ls ""-" Most of the dogs in these experiments had hypertension of the one-kidney type. It generally has been assumed that the lowering of blood pressure was due to an antibody to the heterologous renin that was used, which cross-reacted with dog renin and destroyed its pressor activity.
We recently have investigated these contradictory findings to discover how immunization with kidney extracts can lower the blood pressure of hypertensive animals (presumably through the action of antirenin), whereas blocking the renin-angiotensin system at the level of angiotensin I or II does not. 13 Rabbits with chronic one-kidney hypertension were passively immunized with antiserum prepared in other rabbits by injection of hog renin. Although antirenin titers were demonstrated to be at an effective level there was no decrease in blood pressure that could be attributed to the antiserum. Reductions in blood pressure were obtained by direct immunization of the hypertensive rabbits. Preparations that contained renin with a very high specific activity were effective. However, the serum antirenin titers that were obtained in individual rabbits did not correlate well with the degree of blood pressure reduction. Thus, it was not possible to determine whether the blood pressure-lowering effect was due to the neutralization of renin.
Evidence is now presented that pressure reductions may be obtained with preparations that contain little or no renin. Hypertensive rabbits whose pressures have been lowered to normal may have no demonstrable plasma antirenin titers and are very sensitive to the pressor activity of small challenging doses of renin. This evidence suggests that the reductions in pressure are due to an antibody that neutralizes a hypothetical unknown substance that is necessary for the maintenance of hypertension in these rabbits.
Methods

DETERMINATION OF PROTEIN
Protein was determined by an automated modification of the method of Lowry et al."
RENIN ASSAY
Renin was measured in terms of the amount of angiotensin I liberated at pH 7.4 from an excess of semipurified, angiotensinase-free hog renin substrate." The assay of the angiotensin was performed in the rat 27 and the results were calculated in terms of Goldblatt units (GU)* based upon a standard hog renin preparation.
The absence of renin in our preparation K (see Preparations of Kidney Fractions) was demonstrated by incubation
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with renin substrate in the presence of ethylenediaminetetraacetic acid (EDTA) and phenylmethylsulfonyl fluoride for 3.7 hours. The conditions of assay would have permitted the detection of 1 x 10"* GU/mg of protein in this preparation. The absence of angiotensinase activity in preparation K and the renin substrate was demonstrated by the use of control tubes that contained known amounts of angiotensin I.
PRODUCTION OF HYPERTENSION AND MEASUREMENT OF BLOOD PRESSURE
Hypertension was produced in young, white, male New Zealand rabbits by application of a silver clip to the left renal artery and removal of the right kidney in the same operation. 28 Systolic blood pressures were measured 5 days a week in the central artery of the ear of warmed rabbits." The rabbits that were used in experiments had exhibited a sustained form of benign hypertension with pressures of 30 mm Hg or more above their control level for a period of at least 4 weeks. These methods have been described in detail. 13 
ASSAY OF ANTIREN1N
Antirenin was measured in the plasma of the experimental rabbits by the inhibitory effect of samples of the plasma on rabbit renin as previously described. 13 Results are given as antirenin units which are equivalent to the GU of rabbit renin neutralized. The lowest concentration that can be determined reliably is considered to be 0.05 U/ml of plasma. The preparation of the rabbit renin used in the assay of antirenin and in direct testing of the responsiveness of the experimental rabbits has been described. 13 
METHOD OF IMMUNIZATION
Fractions to be injected were prepared in 0.1 M sodium chloride and 0.025 M sodium phosphate buffer at pH 6.0 and were sterilized by passage through a Millipore filter. Rabbits were injected subcutaneously with 1-ml doses 5 days a week for 4 or more weeks. The initial injection of all preparations except A and B was given with an equal volume of Freund's complete adjuvant; the first injection of each subsequent week was given with the incomplete adjuvant.
PREPARATION OF ANTIRENIN COLUMNS
The antiserum that was used in preparing the antirenin column had been used in the unsuccessful attempt to lower the blood pressure of hypertensive rabbits by passive transfer. 13 It had been partially purified by fractionation with ammonium sulfate between the limits of 1.1 and 2.0 M and dialysis. A solution containing 3.2 g of protein and 2,390 U in 0.1 M sodium phosphate at pH 6.5 was allowed to react with 50 ml of Sepharose 4B that had been activated with 9 g of cyanogen bromide according to the method of Cuatrecasas. 10 After washing, the antirenin gel was used to prepare two chromatographic columns, 1 x 25 cm. The solvent used to prepare and develop the columns was 0.1 M NaCl-O.O25 M sodium phosphate at pH 7.4. One of the two columns was used repeatedly, being partially regenerated after each use by washing with 3.0 M NaCl-0.1 M glycine, pH 9.0, for extended periods. The second column was used only once, with preparation K, in order that the antibody groups with the highest avidity might be used to remove the last traces of renin from this preparation.
PREPARATION OF KIDNEY FRACTIONS
Preparations used are described in Tables 1 -3 , under Results. The starting material for all preparations was the crude extract which was prepared from the cortex of hog kidneys that had been obtained fresh and were frozen until used. The method, which involves an acid treatment followed by ammonium sulfate fractionation and dialysis, has been described. 13 Preparations A, B, and D were absorbed onto and eluted from O-(diethylaminoethyl)cellulose (DEAE-cellulose) in a batchwise fashion. 13 -" Preparation D was further purified by DEAE-cellulose and pepstatin affinity chromatographic methods that have been published. 13 - 31 The 0.1 N acetic acid eluate (the renin fraction) from the pepstatin column was neutralized, and concentrated by ultrafiltration on an Amicon PM 10 membrane. It was applied to a column of Bio-Gel P-150 (2.5 x 100 cm, 100-200 mesh), which had been prepared in 0.025 M sodium acetate buffer having a pH of 5.50. Upon development of the column with the same buffer, single symmetrical peak of renin activity was obtained with a specific activity of 1,225 GU/mg.
Preparations C, E_, and F were obtained by pepstatin affinity chromatography of the crude extract. 13 Preparations C and E (a dilution of C) were derived from the 4 M urea eluate (the renin fraction); F was prepared from the 2 M sodium chloride wash of the column. Most of the remaining renin (885 GU) was removed by passage through an antirenin column.
Preparations G, H, I, J, and K were prepared by acetone fractionation of the crude extract. The extracts, at 0°C, were adjusted to 0.6 M ammonium sulfate and pH 5.5. Acetone, at very low temperature, was added slowly with constant stirring. The temperature of the mixture was allowed to fall to -5 to -10°C as the solvent was added. Centrifugation was performed at -10°C. Precipitates were washed with cold solutions of ammonium sulfate and acetone of the appropriate composition. Acetone was removed from the separated and washed fractions by dialysis against cold distilled water.
Preparation I was prepared from a washed 33% acetone precipitate of the crude extract. Nearly all of the renin was removed by means of the first antirenin column.
Preparations J and K were prepared by fractionation of the crude extract between the limits of 33% and 40% acetone concentration. Renin was removed from both preparations by passage through the first antirenin column; K was passed through the second column as well.
Results
The effect of direct immunization of rabbit 469 with preparation J, which contained 0.5 mg of protein and 3.5 x 10"
4 GU of renin per daily dose, is illustrated in Figure 1 . The elevation in blood pressure after application of the silver clip to the left renal artery and right nephrectomy, followed by an extended period of sustained hypertension, can be seen. Injections were begun on the 71st day and the blood pressure began to fall during the 2nd week thereafter, reaching a normotensive level 3 weeks after the beginning of the injections. At the end of 4 weeks the injections were terminated, and 1 week later the blood pressure began to rise. Antirenin was not detectable (<0.05 U/ml) in the plasma of rabbit 469 during the period that the blood pressure was reduced. Hypertensive rabbits whose blood pressures had been reduced to normal levels as a result of immunization remained normotensive as long as the injections were continued. Blood pressures did not fall below the normal level. The rabbits appeared healthy, did not develop abscesses at the site of injections, and as shown in Figure 1 , did not lose body weight.
The kidneys from the hypertensive rabbits whose blood pressures had been lowered by immunization were markedly hypertrophied as a result of the unilateral nephrectomy.
Microscopic examination revealed that the glomeruli and the proximal distal convoluted tubules showed no evidence of pathological change. In a few kidneys there was a rare, minute area of cortical fibrosis. In the fibrotic areas there was an occasional tubule which was atrophic and a rare glomerulus which had a dilated Bowman's space with an atrophic glomerular tuft.
The general effectiveness of the immunization process appeared to be greater when preparations were used that were very low in renin. This is illustrated in Figure 2 , in which the effects on the blood pressures of two groups of rabbits that received preparations containing 25 and 24.5 GU of renin per dose (C and D) are contrasted with two other groups receiving I.I x 10" s GU and 3.5 x 10" 4 GU per dose (I and J). Inspection of Figure 2 reveals that not only did the blood pressures of the rabbits receiving the low renin preparations begin to fall earlier, but the rate of decline of the pressure was more rapid. The rabbits receiving the high renin preparations required longer injection periods and their pressures began to return to the original elevated level more quickly after injections were stopped than did those receiving the low renin preparations.
The high renin preparation C of Figure 2 was diluted and tested, with negative results, in five hypertensive rabbits (see E, Table 2 ), although the renin concentration, after dilution, was many times higher than in preparations I and J.
The effect of immunization with two crude (A and B) and one highly purified (D) preparations that contain large The antihypcrtensive effect was evaluated according to the following criteria -, no effect; +, a marked decrease in blood pressure; + + , a decrease in blood pressure which returned at least halfway to the preclipping control level; + + + , a decrease in blood pressure to the preclipping level.
* Rabbit had been used once before with negative results. t Rabbit had been used once before with positive results amounts of renin is shown in Table 1 . The blood pressure of six out of the eight rabbits that received the highly purified renin preparation fell to normal or near normal (Fig. 2 ). All developed a significant antirenin titer in their plasma. Three of the group developed a moderate titer, one reaching a level of 5 U/ml. In contrast, the blood pressures of these rabbits receiving the cruder renin preparations were not affected by the immunization process. However, they did develop antirenin titers in their plasma. Those receiving preparation A responded particularly well; four out of six rabbits developed a titer over 1.1 U/ml. One rabbit from each group attained the very high titer of 10 U/ml. In Table 2 the effects of two different preparations which were effective in lowering the blood pressure of hypertensive rabbits are compared with the effect of related fractions containing similar amounts of renin. Thus preparation G, which was obtained as a 33% acetone precipitate, reduced the blood pressure of all five rabbits, whereas preparation H, the 33% acetone supernatant fraction, which is the renincontaining fraction, was largely inactive when the daily doses contained similar amounts of renin. One rabbit (no. 498) responded in an unusual manner with a 2+ fall in pressure the week following the 5-week injection period.
Preparation F was obtained after removal of most of the remaining renin from the 2 M sodium chloride wash of a pepstatin affinity column. It was effective in lowering the blood pressure of all five rabbits in which it was tested. In contrast, preparation E, .which is the 4 M urea eluate (renin fraction) of the same pepstatin affinity column, was ineffective when given in doses that contained similar amounts of renin.
The results obtained with two preparations, I and J, obtained by acetone fractionation of the same crude extract are presented in Table 3 . Both fractions were passed through the antirenin column and obtained very little renin. Both preparations were very effective in lowering the blood pressure of hypertensive rabbits (Fig. 2) . The antirenin titers in the plasma of all of the rabbits were below the detection limit of 0.05 U/ml.
The ability of the rabbits listed in Table 3 to respond to a challenging dose of renin during the time that their pressures were in a normotensive range as a result of immunization is shown in Table 4 . The rabbits responded to test doses of 1 GU of rabbit renin with increases in blood pressure of 40 80 mm Hg during the first few minutes after injection; 3 or 4 hours were required in most cases for the blood pressure to return to its control level. The responses measured in terms of the areas generated under the plotted blood pressure curves were much greater than those obtained from normal or untreated hypertensive rabbits.
The results obtained with preparation K, that did not contain renin, are shown in Table 5 . The fraction was prepared by acetone precipitation between the limits of 33% and 40% acetone concentration and was chromatographed on two antirenin columns in succession. The preparation was effective in lowering the blood pressure of seven of the eight hypertensive rabbits in the group. None of the rabbits developed a plasma antirenin titer.
Discussion
In experiments described in a preceding paper, 13 rabbits with one-kidney hypertension were immunized passively with antirenin produced in other rabbits. Large amounts of antirenin (as much as 1,060 U) were given over periods as long as 28 days. Despite the production of very effective plasma antirenin titers, there was no effect on the blood pressure of these rabbits.
Direct immunization with kidney extracts containing large amounts of renin may also produce high plasma antirenin titers without reduction of the blood pressure. Thus (Table 1) , two rabbits (nos. 329 and 336) developed antirenin titers of 10 U/ml without any lowering of their blood pressure.
Although these experiments indicate that circulating renin is not responsible for the maintenance of elevated blood pressure in these rabbits, the evidence cannot be conclusive, since Oster et al." have shown that a high circulating level of antibody may not effectively reduce the endogenous level of the antigen. However, the evidence against the participation of the renin-angiotensin system in one-kidney hypertension in rabbits does not rest entirely on experiments involving immunization against renin. Hypertensive rabbits were infused with l-Sar,8-Ile-angiotensin II at extremely high rates for periods of a few hours to 3 days." There was no lowering of their blood pressure despite the fact that they were completely unresponsive to large doses of angiotensin II (10 nmol).
Reductions in blood pressure may be obtained by kidney preparations containing renin with a very high specific activity, such as preparation D in Figure 2 and in Table 1 . One might consider it unlikely that the hypothetical factor would be present in a renin preparation having this very high purity, whereas it was not present in the renin used as the antigen in the previous immunization study." However, the purification techniques used in these two studies were markedly different. Furthermore, DEAE-cellulose chromatography in a descending pH gradient," employed on an One Gokiblatt unit (GU) of rabbit renin 1 ' was given via the marginal ear vein. Systolic blood pressures were measured in mm Hg at frequent intervals and were plotted against time in minutes. The area under the curve (mm x min) was taken as the measure of the response.
• The effect of immunization on the blood pressure of these rabbits is presented in Table 3 t A full pressure curve was not obtained. The result indicates the response dunng the 1st hour after injection.
analytical scale, showed that three different forms of renin were present in preparation D and that the renin protein could not have constituted more than a small part of the total protein.
The tracings presented in Figure 2 show that the blood pressures of the hypertensive rabbits fall more quickly and reach a normotensive blood pressure level earlier when the rabbits are treated with preparations that contain only traces rather than large amounts of renin. There is no evidence to suggest that renin is actually inhibitory. The relative ineffectiveness of the preparations with high renin concentrations may be due instead to their possession of a lower concentration of the hypothetical unknown factor. Thus, dilution of the active preparation C to contain 0.033 GU/dose resulted in an inactive preparation (see preparation E, Table 2 ) although it contained 30 times as much renin as did preparation I and nearly 100 times more renin than preparation J.
The crude extract may be fractionated to yield preparations which contain equal amounts of renin but which differ in their effectiveness in lowering the blood pressure. Thus, preparations H and E (Table 2) are the principal renin-containing fractions of two different separation procedures. However, these preparations were ineffective in lowering blood pressure, whereas their corresponding side fractions which contained the same amount of renin per dose were very effective.
The antirenin that was used in the recent passive immunization experiments" was not effective in lowering the blood pressure of hypertensive rabbits. Therefore, it could not have contained an antibody against the hypothetical unknown factor that elicits the blood pressure-lowering antibody in the direct immunization experiments. For this reason it was used, in an immobilized form, to remove renin from kidney preparations without removing the hypothetical unknown factor. The results of immunization with two such preparations which are very low in renin are presented in Table 3 . The rabbits receiving these preparations had no detectable plasma antirenin titer. They were, however, extremely sensitive to challenging doses of renin (Table 4) and it seems very unlikely that they possessed any antirenin in their plasma, or that the fall in their blood pressure could have been due to the presence of this antibody. Finally, the blood pressure of hypertensive rabbits may be lowered by immunization with a preparation that does not contain renin. This preparation was obtained by passage through two antirenin columns in succession (Table 5 ). It did not contain renin when subjected to rigorous test, yet it was very effective in lowering blood pressure.
Thus the evidence suggests that renin does not initiate the reactions that lower the blood pressure in these experiments. It is possible that another, presently unknown, substance in the kidney extracts elicits a cross-reacting antibody which neutralizes a factor essential for the maintenance of the elevated blood pressure in rabbits with one-kidney hypertension.
